ABSTRACT
RESUMO

Foi avaliada a ação de pastas formuladas com hidróxido de cálcio P.A. e diferentes veículos (solução fisiológica -pasta A e óleo de Copaifera langsdorffii Desfon -pasta B) sobre microrganismos bucais e formação de ponte dentinária em cães. A ação antimicrobiana das pastas e de seus componentes individuais foi avaliada pela técnica da concentração inibitória mínima pela diluição em ágar. Os materiais foram diluídos e avaliados contra quinze cepas padrão de microrganismos relacionados a doenças endodônticas. Os microrganismos foram cultivados e, após a incubação, os dados foram analisados (Anova OneWay, Tukey, P≤0,05). Para a avaliação da formação de ponte dentinária, quatro incisivos superiores de dez animais foram tratados, sendo dois capeados com pasta A (GA) e dois com a pasta B (GB). Após 90 dias, os dentes foram extraídos para obtenção de cortes histológicos, com o objetivo de se avaliar o grau de formação de ponte dentinária. Os dados obtidos foram submetidos à análise estatística
and aggressive manner has caught the interest of odontological researchers due to the high therapeutic potential of some vegetable molecules (ALVARES & JÚNIOR, 2009 ). The oil extracted from the stem of Copaifera langsdorffii Desfon (commonly known as copaíba) has attracted attention due to its various pharmacological properties and its antimicrobial and anti-inflammatory action (PIERI et al., 2012; MASSON et al., 2013; . It is believed that such therapeutic effects are related to the chemical structure of its components, such as the copalic acid and sesquiterpenes of the volatile fraction (MASSON et al., 2013; .
The therapeutic properties of Copaifera langsdorffii Desfon oil could be beneficial in odontological products such as intracanal pastes used for direct dental pulp capping as bacterial resistance. Their presence in inaccessible areas of the pulp canal may enable their presence even after rigorous endodontic chemical-mechanical preparation (ALVARES & JUNIOR, 2009 ).
Calcium hydroxide P.A. (Ca(OH) 2 ) is successfully used in direct dental pulp capping as it stimulates pulp repair and isolates the tissue from aggressive agents through dentin bridge formation. This product is often associated with vehicles that favour its ionic dissociation or increase its antimicrobial effect, such as saline solution. However, the search for new vehicles is justifiable as these may significantly contribute to a favourable prognosis (GARCIA et al., 2009) .
Considering the antimicrobial and antiinflammatory potential of Copaifera langsdorffii Desfon oil, the aim of this study was to analyse the effects of pastes formulated with calcium hydroxide P.A. and different vehicles, as well as the effects of their individual components against oral microorganisms associated with endodontic complications (Part 1). Furthermore, this study also aimed to evaluate the action of pastes A and B in dentin bridge formation in adult dogs following experimental dental pulp exposition (Part 2). (CLSI, 2007 and 2009) . Analysis was done in triplicate. The components tested were diluted in 50% glycerine solution, with the exception of the calcium hydroxide P.A., which was diluted in sterile distilled water. The final concentration of each component after dilution was 0.5%, 1%, 2% and 4%.
MATERIAL AND METHODS
Part
Eighteen millilitres of BHIa (Brain Heart Infusion Ágar) and SCHa (Ágar Schaedler) culture media were supplemented with 5mg/ml hemin and 1mg/ml menadione and added to tubes containing 2ml of the different components at the various concentrations. The contents were poured into labelled Petri dishes and allowed to solidify. The inoculants were prepared in BHI broth (aerobic and microaerophilic microorganisms) or SCHb (anaerobic and facultative anaerobic microorganisms) after 24 or 72h of culture, respectively. The suspensions were incubated for 24 or 72h, at 37°C. Suspensions were standardized according to standard No. 0.5 of the McFarland scale, with the exception of the anaerobic bacteria and Candida albicans ATCC 18804, which were standardized by the turbidity of McFarland standard No. 1. The suspensions were placed into a Steers multi-applicator and the Petri dishes labelled based on the control (0.12% chlorhexidine digluconate solution) and from the highest to the lowest dilution. Once the inoculants were dry the plates containing the aerobic and microaerophilic microorganisms were incubated for 24 and 48h, respectively. The plates containing anaerobic microorganisms were placed in a GasPack jar containing the anaerobiosis generator BBL GasPack Plus and incubated for 72h, at 36°C, in an anaerobic chamber with atmosphere of 5-10% hydrogen, 10% carbon dioxide and 80-85% nitrogen. The MIC value of the endodontic toothpastes and their individual components was determined as the lowest concentration capable of completely inhibiting the development of previously established colonies of microorganism that commonly infect the dental pulp canal. The data obtained were analysed by One-Way ANOVA and Tukey's (P≤0.05).
Part 2 -Animals and experimental groups
Ten castrated male and female mixed breed adult dogs, from the Experimental Kennel of the Veterinary Hospital of the Universidade de Franca (UNIFRAN), Franca-SP, Brazil, were used to evaluate dentin bridge formation. Only animals showing absence of serious periodontal disease, dental wear and poor occlusion, intra or extra-oral fistulas or discoloured dental crown, absence of bone reabsorption, and ample size of the dental pulp canal were included in the study.
Two right (lateral and medial) and two left (lateral and medial) superior incisor teeth of each animal were analysed, totalling 40 teeth. The right incisor teeth were classified as Group A (GA, n=20) and capped with paste A. The left incisor teeth were classified as Group B (GB, n=20) and capped with paste B. In all groups the pastes were kept in direct contact with the experimentally exposed dental pulp. After dental pulp capping, the incisors were restored with reinforced zinc oxide and eugenol d cement to avoid dental pulp contact with the oral cavity. Once the cement was set, acid conditioning of the dental polish was carried out using 37% phosphoric acid gel e . Subsequently, a small layer of cyanoacrylate gel f was applied over the restorations in order to improve their marginal seal and avoid potential microinfiltrations (CARVALHO et al., 2006) . After the surgical procedure, animals received 11mg kg -1 clindamycin g IM every 12 hours, for seven consecutive days, and 0.1mg kg -1 meloxicam h subcutaneous, every 24 hours, for four days.
Histological analysis
After 90 days of dental pulp capping, the superior incisors were removed, de-calcified with 4% nitric acid, immersed in paraffin and sectioned with a rotatory microtome. Histological slides were mounted and stained with Eosin-Haematoxylin. Light microscopy was used to evaluate the degree of dentin bridge deposition obliterating the experimentally exposed dental pulps and the following scores given:
(1) absence of dentin bridge deposition; (2) discreet dentin deposition, (3) moderate dentin deposition and (4) intense dentin deposition, which was thick and uniformly distributed over the dental pulp. All histological samples were analysed by the same observer. The data obtained was analysed by the nonparametric test of Kruskal-Wallis and significance considered at 5% (P<0.05).
RESULTS
The susceptibility of the microorganisms to the endodontic pastes and their individual components (calcium hydroxide P.A. and Copaifera langsdorffii Desfon resin oil) is detailed in table1. Amongst the individual components analysed, the best results were obtained with calcium hydroxide P.A., with MIC values varying from ≤0.5% to 1.0%. In the later concentration antimicrobial action could only be observed against S. aureus and E. faecalis. - These results were significantly greater (P≤0.5) than those of the remaining components against the established microorganisms. Pastes A and B proved to be effective at the different concentrations tested (from ≤0.5% to 4%), depending on the susceptibility of the microorganisms. The highest rates of microorganism development inhibition were obtained when both pastes, which acted against six standard strains, were diluted at 0.5%. At 2% concentration, the antimicrobial action of paste A was superior to that of B, as it allowed the development of only one bacteria strain, which was successfully inhibited when the paste was used at 4% concentration. At this maximum concentration complete antimicrobial action was observed for both pastes. The Copaifera langsdorffii Desfon oil acted against 3 bacteria strains when used at a concentration of 0.5%. Up to 4% (maximum dilution tested in this study) no action could be observed against any 5 microorganisms. The antimicrobial action of the vegetable oil was similar or significantly inferior (P≤0.05) to that of the other components.
The positive control for the technique (0.12% chlorexidine digluconate) showed the best results at inhibiting microorganism development, which were achieved when the lowest concentration of the product was used. These results were not compared to those obtained for the other components as the positive control was the control for the technique and not for the action of the components tested.
S. aureus was the most resistant microorganism to the materials analysed as its development was only inhibited by calcium hydroxide P.A. at 1% and by pastes A and B at 4%. Up to the maximum concentration tested, it was not possible to determine the MIC value of the vegetable oil for this bacterium. The most susceptible bacteria were S. mitis, A. actinomycetencomitans and P. gingivalis, which were inhibited by the materials used at a concentration ≤0.5%.
According to these results and considering the lowest concentration tested, the materials were classified in decreasing order of antimicrobial action: calcium hydroxide P.A., paste A (aqueous vehicle), paste B (oil vehicle) and Copaifera langsdorffii Desfon oil. Data obtained for calcium hydroxide P.A. were significantly superior (P≤0.05) and those for vegetable oil significantly inferior (P≤0.05) to the data obtained for the other components.
The scores for dentin deposition on the exposed dental pulp of each treated tooth, of both experimental groups, are detailed in table 2. Both groups were able to promote the dentin bridge formation; however, GA showed superior results to GB, with 55% and 50% of teeth, respectively, receiving a score of 3. Although the histological specimens presented different scores, by the end of the experiment, no significant difference (P=0.115) was observed between the materials tested in the different experimental groups.
DISCUSSION
In this study, Copaifera langsdorffii Desfon oil was chosen as a component for one of the pastes based on the reported antimicrobial and antiinflammatory properties of its plant of origin (PIERI et al., 2012; MASSON et al., 2013; . The antimicrobial activity of the different pastes up to the maximum concentration tested (compatible to its clinical application) was not significantly different. These findings are in disagreement with those of GOMES et al. (2002), who reported that materials using oil vehicles showed greater antimicrobial action than those formulated with aqueous or viscous vehicles.
Information on the antimicrobial action of Copaifera langsdorffii Desfon oil in natura is very limited (GOMES et al., 2002) . In the present study, this oil showed effective antimicrobial activity against third of the microorganisms tested at MIC ≤0.5%. However, comparison between the results obtained and the data available in the literature proved to be difficult due to the diversity of extracts and methodology reported in determining the antimicrobial potential of this material. Table 2 -Frequency of superior incisors of dogs from groups A and B, according to the scores of dentin deposition on experimentally exposed dental pulp.
Established scores: 1) absence of dentin bridge deposition at the exposed pulp site; 2) discreet deposition; 3) moderate deposition in focal areas of pulp exposure; 4) intense dentin deposition, thick and uniform deposition over the pulp. n= number of incisors analysed per group. BRAGA & SILVA (2007) , when using a similar technique to this study while analysing an aqueous extract of Copaifera langsdorffii Desfon at different concentrations (0.05g ml -1 ; 0.1g ml -1 and 0.2g ml -1 ), observed the complete inhibition of S. aureus with material diluted at 0.2g ml -1 . Even though the extracts are different, it was observed in this study that concentrations of up to 40µg/ml of oil did not have a significant inhibitory effect on this bacterium.
It was also observed that calcium hydroxide P.A., even at the lowest concentration, was able to inhibit the development of the majority of the microorganisms tested, with the exception of S. aureus and E. faecalis, which were only inhibited at concentrations of and above 1%. These data are in agreement with those reported by ESTRELA et al. (1997) , who observed the action of this salt against M. luteus, S. aureus and P. aeruginosa, which were also analysed in this study. GOMES et al. (2002) reported that calcium hydroxide P.A. pastes have greater antimicrobial action against gram-negative anaerobic bacteria than against gram-positive ones. The findings in this study are in agreement with the above statement, as A. actinomycetencomitans and P. gingivalis were the microorganisms that showed the greatest susceptibility to both pastes, at MIC ≤0.5%. E. faecalis is known for being highly resistant and associated with failures in endodontic treatment (GOMES et al., 2002) . Furthermore, it has been known to survive in filled canals, in contrast to the results obtained in this study regarding its susceptibility to calcium hydroxide at 1%.
The oil vehicles reduced the speed of calcium hydroxide P.A. dissociation due to their high molecular weight, thus reducing its efficacy as a direct capping agent (GOMES et al., 2002) . However, in this study, the mechanism of action of this salt when added to the copaiba oil was not compromised as dentin bridge formation (in different intensity scores) could be seen in Group B while the vitality of the incisors' pulp remained unaffected.
Every endodontic medicine requires a minimum time in situ to produce the desired results. However, if kept for long periods it may cause damage to the dental tissues or may compromise the efficacy of the drug (ALVARES & JÚNIOR, 2009). Thus, based on the study of GALA-GARCIA (2005) , who reported denting bridge formation in dogs after 70 days of capping, the incisors in the present study were capped for 90 days.
Some considerations regarding to the methodology used in this study must be elucidated. Saline solution, which is widely used in odontology and enables the ionic dissociation of the calcium hydroxide P.A., was used in the comparative analysis of copaiba oil as a vehicle for endodontic pastes (ESTRELA et al., 1997) . According to BRAGA & SILVA (2007) , the positive control for experiments analysing antimicrobial activity must be chosen from standard antimicrobials. Chlorexidine digluconate is considered the "golden standard" in odontology and it has been widely used in studies analysing odontological materials and thus has been chosen for this study.
The bacteria selected to analyse the antimicrobial properties of the calcium hydroxide pastes and their components were based on those found in the oral cavity and endodontic infections (ESTRELA et al., 1997) . Taking into account that this study was developed in dogs, it is important to point out that there are great similarities between the canine and human oral microbiota (GOMES et al., 2002) .
Cyanoacrylate gel was used to protect the surface of the temporary restorations in order to reduce marginal infiltration. Amongst the recommendation of this product in odontology and in agreement with the reports from CARVALHO et al. (2006) , it was observed in this study that the waterproof seal on the tooth/restoration interface had a favourable effect on dental pulp restoration.
Dogs are considered ideal study models in human odontology due to their anatomic similarities and oral physiology, especially for the evaluation of dental materials biocompatibility (GALA-GARCIA, 2005) . Thus, the results obtained in this study may aid and stimulate research in the area of human odontology using Copaifera langsdorffii Desfon oil or other products of vegetable origin.
CONCLUSION
Based on the microorganisms studied, it can be concluded that the pastes analysed showed similar antimicrobial potential but differed significantly from their individual components. No significant difference was observed in dentin bridge formation between the different pastes tested. 
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